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The introduction of non-native organisms is a significant 
threat to global biodiversity and a cause of economic loss 
worldwide (Pimentel et al. 2005; Dudgeon et al. 2006; 
Corfield et al. 2008). Expanding transport and commerce 
are opening up new pathways of introduction (Wells et al. 
1986; di Castri 1989; Mack et al. 2000) in the aquarium 
trade being one of the major pathways of freshwater 
introductions (Katsanevakis et al. 2013). The aquarium fish 
trade has an estimated annual global trade volume of US$ 
15–20 billion (Padilla and Williams 2004; Ploeg et al. 2009) 
and has been linked to more than 150 species invasions 
of non-native ecosystems worldwide (Fuller 2003; Siguan 
2003; Padilla and Williams 2004).
Managing introductions of aquarium fishes is an 
important aspect of national biosecurity in many countries 
(Fuller 2003; Padilla and Williams 2004). In Singapore, 
for example, 54 non-native freshwater fish species have 
established breeding populations in the wild, following 
escapes from farms that breed ornamental fish for the 
pet trade (Ng and Tan 2010). In Australia, 30 non-native 
freshwater fish species, thought to have been introduced 
via the freshwater aquarium trade and have been recorded 
as established in the wild (Lintermans 2004; DAFF 2006; 
Corfield et al. 2008; Olden et al. 2008). In South Africa, 
introductions associated with the pet trade have resulted 
in the establishment of populations of goldfish Carassius 
auratus, guppy Poecilia reticulata, swordtail Xiphophorus 
hellerii and vermiculated sailfin catfish Pterygioplichthys 
disjunctivus in the wild (Jones et al. 2013; Ellender 
and Weyl 2014). Because the impacts of these fishes 
on recipient ecosystems include the introduction of 
pathogens, as well as competition with, and predation on, 
native biota, which negatively impact on native species 
(Strecker et al. 2011; Ellender and Weyl 2014; Daga et 
al. 2016), possible additional releases, such as that of the 
giant pangasius Pangasius sanitwongsei into the Breede 
River (Mäkinen et al. 2013) are a cause for concern. 
Two main approaches are used by authorities to address 
biosecurity threats from aquarium fishes. The first is a 
‘blacklist’ approach, as used in the United States and the 
United Kingdom, where a small group of known high-risk 
taxa is subject to tighter controls (Ploeg 2008; Copp et 
al. 2010). The other alternative is a ‘whitelist’ approach, 
as used in Australia and New Zealand, whereby only 
manageable fishes are permitted (Whittington et al. 
2007; MAF Biosecurity New Zealand 2011; Mäkinen et 
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al. 2013). In South Africa, a ‘whitelist’ of fishes of unclear 
legal status was in use until 2014, when the new ‘blacklist’ 
was implemented (Republic of South Africa National 
Environmental Management: Biodiversity Act. 2014). 
For both the whitelist and blacklist methods, the accurate 
identification and cataloguing of all traded taxa and known 
invasive taxa are important (Collins et al. 2012).
Identifications of fishes in the pet trade is often 
challenging due to the fact that the geographic origin of 
the species is obscured, although many identification keys 
require that the natural distribution of the species is known 
(e.g. Jones et al. 2013). Identification is further complicated 
by species being subjected to selection by the pet trade for 
desirable traits, which might affect morphological traits used 
in identification, and by the presence of interspecific hybrids 
and undescribed species present in the trade (Hensen et al. 
2010; Collins 2012). 
In previous studies, DNA barcoding has been useful in 
facilitating identification (e.g. Collins et al. 2012; Jones et 
al. 2013; Mäkinen et al. 2013). However, in these studies 
barcoding is typically complemented by morphological identi-
fications by experts, although in South Africa these experts 
are not available for routine control measures by traders 
and authorities. In most countries, there is no requirement to 
give valid scientific names in the trade, and in these cases, 
authorities must rely on supplier documentation and trade 
names for decision-making (Hensen et al. 2010).
The aim of this paper was to evaluate the ability to 
identify species based on the trade names of ornamental 
fish currently traded in South Africa, using a DNA barcoding 
approach and following methods that could realisti-
cally be replicated by traders and authorities [i.e. using 
publicly available information and tools in online databases 
(FishBase, Catalog of Fishes, Barcode of Life Database 
(BOLD) and GenBank)] to identify specimens based on 
DNA barcodes and to compare the identifications to the 
original trade names. 
Materials and methods
Sample collection 
A total of 384 freshwater fish specimens were purchased 
from pet traders in Cape Town, Durban and Johannesburg 
during 2011 and 2012. Where possible, at least two 
individuals per trade name were purchased. Specimens 
were euthanised by an overdose concentration (>0.2 ml 
l−1) of clove oil, and photographed before a tissue sample 
was extracted from the caudal peduncle and stored at 
−20 °C in 98% ethanol. The specimens were then fixed 
in formalin and accessioned as vouchers in the National 
Fish Collection of the South African Institute for Aquatic 
Biodiversity (SAIAB), Grahamstown, South Africa. This 
standard procedure was approved by the SAIAB and 
Rhodes University animal ethics committee.
Trade name interpretation
The ornamental fish trade typically uses only common 
names for fish, which complicates comparison with 
online databases that use scientific names. Therefore, 
an ‘inferred scientific name’ based on the common trade 
name was assigned to each specimen that was not sold 
under a scientific name. The inferred scientific name 
was assigned by searching for species matching the 
trade name provided by the seller in FishBase (www.
fishbase.org; Froese and Pauly 2011), a reference list of 
recommended standard names for ornamental freshwater 
fishes published by Ornamental Fish International (Hensen 
et al. 2010) and Baensch’s Aquarium Atlas (Baensch and 
Riehl 1996). 
In the comparison with FishBase, only selected unique 
English names, suggested by the FAO or, if not available, 
by the American Fisheries Society (AFS; see Robins 
et al. 1991 for the selection criteria used by FishBase) 
were used. In cases where a trade name matched 
multiple scientific names, the trade name was recorded 
as ‘ambiguous’. Trade names that could not be linked to 
an inferred scientific name were recorded as ‘no identifi-
cation’. The continental regions of origin for each species 
listed in FishBase were also recorded. Inferred scientific 
names were then validated using the Catalog of Fishes 
online database (Eschmeyer et al. 2016) to ensure that 
they were taxonomically valid and currently in use. Further 
analyses were based on the currently valid ‘inferred 
scientific names’.
Comparison of sequences and inferred scientific names 
with online databases
A segment of the mitochondrial cytochrome oxidase subunit 
(COI) gene was sequenced for all samples, following the 
standard protocols implemented for fish barcoding by the 
Canadian Centre for DNA Barcoding (CCDB), University 
of Guelph (i.e. mean length 647 bp, min. 424, max. 658; 
see methods summarised by Ward et al. 2009). Within 
the dataset, sequences were grouped by similarity using 
a neighbour-joining method to identify possible misidentifi-
cations and cryptic diversity. For this purpose, sequences 
with the same Barcode Index Number (BIN) assigned by 
the BOLD engine were considered a match (Ratnasingham 
and Hebert 2013). The barcode sequences were submitted 
to GenBank (BankIt1888511: KU568735-KU569085; see 
Supplementary Material A).
The resulting barcode sequences were compared 
to the sequences in the Barcode of Life Data System 
(BOLD) database using the online BOLD identifica-
tion engine (Ratnasingham and Hebert 2007). Because 
the full database on BOLD includes many records with 
uncertain identifications, initial comparison was restricted 
to the published sequences database on BOLD (Database 
version 6.50, released on 31 December 2015). The BOLD 
identification engine assigns sequences with less than 
1% divergence from published reference sequences as a 
species match (Ratnasingham and Hebert 2007). Inferred 
scientific names and their corresponding COI sequences 
were also compared to published scientific names and 
sequences on the GenBank database. The GenBank 
online search tool BLAST (Basic Local Alignment Search 
Tool) was used to search for highly similar sequences. 
A sequence divergence of 1% or less was used as 
the cut-off point for a species match, as in the BOLD 
database. If the database search resulted in matches with 
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Results 
Inferred scientific names
A total of 351 specimens were successfully sequenced, 
representing 153 different common names used in the 
trade. Of these 114 (74.5%) of their trade names could 
be linked directly to an inferred scientific name. A further 
21 (13.7%) common names could be linked to multiple 
scientific names, making them ambiguous. The remaining 
18 (11.8%) common names could not be linked to any 
inferred scientific names (Figure 1).
Barcoding and genetic identification
The successfully sequenced taxa represented 30 families 
of freshwater fishes originating from five continents 
(Supplementary material A). The most represented 
families were the Cichlidae (27%), Cyprinidae (16%) 
and Characidae (14%). The most important source 
regions were South America (36%), Asia (34%) and 
Africa (25%). Seventeen species of haplochromine Lake 
Malawi cichlids were grouped together as one taxon in 
our analysis, due to a lack of resolution in mitochondrial 
DNA for this species flock (see Joyce et al. 2011). This 
resulted in a final dataset of 137 successfully sequenced 
taxa. The genetic identification of 60 (43.8%) of these 
taxa matched their inferred scientific name in the BOLD 
published database. A further 16 taxa (11.7%) had 
potential genetic matches, but the trade names were 
ambiguous (i.e. genus name only, or names, such as 
‘Pangasius catfish’ or ‘albino cory catfish’) or could not 
be matched to scientific names. For 14 taxa (10.2%) the 
genetic ID did not match the trade name, and for 47 taxa 
(34.3%) a genetic ID was not possible, due either to a 
lack of close matches (<1%) in the databases used for 
identification, or because the database returned matches 
for several species below the 1% cut-off (Figure 2).
The genetic identification obtained matched the inferred 
scientific name for 67 taxa (48.9%) in the GenBank 
published database. A further 18 taxa (13.1%) were potential 
matches, but the trade names were ambiguous. For 15 taxa 
(10.9%), the genetic ID did not match the trade name, and 
for 37 taxa (27%), a genetic ID was not possible (Figure 
2). In some cases, the identifications derived from the two 
databases did not match (Supplementary material A).
Divergence
A neighbour-joining phylogenetic tree of the barcode 
sequences was constructed to examine divergence 
between and within taxa and to detect possible cases of 
misidentification (Supplementary Material B). 
Specimens of rainbow shark Epalzeorhynchos frenatum, 
deacon Heros severus, discus Symphysodon discus, 
melon barb Haludaria fasciata and elegant corydoras 
Corydoras elegans showed a sequence divergence of 
1% or more from other sequences with the same inferred 
scientific name, indicating potential misidentifications in 
the trade (Supplementary material B). Such results could 
also represent possible hybridisation events or cryptic 
diversity within these species.
Specimens sold as ‘bronze corydoras’ (FWAQ121-11, 
FWAQ122-11) and ‘albino cory catfish’ (FWAQ110-11, 
FWAQ111-11) were both identified as Corydoras aeneus 
by the identification engine in the BOLD database, although 
their barcode sequences diverged by more than 6% and are 
consequently likely to represent two different species. This 
could be a result of misidentified reference records in the 
BOLD database, but it was not possible to determine the 
source of the misidentification.
Synodontis sp. specimens sold as ‘ocellated synodontis’, 
‘upside down catfish’ and ‘synodontis nig’ clustered 
together, suggesting a single species traded under multiple 
names, or hybridisation as reported for this genus by Collins 
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Figure 1: Common trade names used in South Africa’s ornamental 
fish trade for which inferred scientific names could be found, based 
on direct identifications (FishBase, reference list of recommended 
standard names for ornamental freshwater fishes and the Aquarium 
Atlas, Volume 3); ambiguous identifications (i.e. more than one 
inferred scientific name available); and no identification (i.e. unable 
to link provided common trade names to an inferred scientific name)
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Figure 2: Results of genetic identification using BOLD and 
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(2012). The sequences could not be matched to published 
sequences in BOLD or GenBank, most probably due to 
insufficient coverage resulting from a lack of wild reference 
specimens from this genus.
Comparison with the South African whitelist and blacklist 
Only 73 (53.3%) common and inferred scientific names 
matched the common and scientific names on the 
‘whitelist’ and a total of 49 (35.7%) were not present on 
the permitted list. Two taxa in our data set had matches 
on South Africa’s recently issued list of prohibited alien 
freshwater fish ((Republic of South Africa National 
Environmental Management: Biodiversity Act. 2014) at the 
genus level: Pseudocrenilabrus spp. (mouthbrooders) and 
Pterygoplichthys spp. (sailfin catfishes).
Discussion
The results demonstrated that trade names are not 
accurate enough for identifying species reliably, because 
13.7% of trade names were ambiguous and 11.8% of 
trade names could not be linked to scientific names. These 
results are consistent with the finding that 25% of cyprinid 
taxa in the New Zealand pet trade were mislabelled 
(Collins et al. 2012) and demonstrate that the previously 
used ‘whitelist’, which includes some 1 400 taxa, was not 
adequately applied in regulating species in the aquarium 
trade in South Africa. The high prevalence of fishes in the 
trade that are not on the ‘whitelist’ is congruent with global 
views that regulations in the aquarium trade lack authority 
worldwide (Padilla and Williams 2004). 
Because there is documented evidence that at least 
some of these species are able to escape from captivity 
and to establish self-sustaining populations in the wild 
(e.g. Jones et al. 2013), there is considerable risk associ-
ated with this sector, particularly because the release 
of unwanted pets is beyond the control of the trade. As 
a result, there is a need for better biosecurity at the point 
of entry (Collins et al. 2012). This would require not only 
checking species lists against the ‘whitelist’ or ‘blacklist’, but 
also confirming whether species lists provided adequately 
describe the contents of the shipment under consideration.
Such checking is complicated by the use of 
non-standard common names, because the same common 
name might refer to various species, or the same species 
might be traded under a variety of different names. 
Consequently, the use of scientific nomenclature and valid 
species would be desirable, at least at the point of entry. 
This process, however, relies on the availability of reliable 
tools for identification. 
The results presented in this paper suggest that 
barcoding, plus comparison with sequence data on BOLD 
and GenBank, has the potential to be a useful tool for 
identifying ornamental fishes. However, they also suggest 
that these databases still lack the species coverage 
necessary to identify all species in the trade. Requiring 
traders to use scientific names derived from standard-
ised sources (e.g. FishBase and the Catalog of Fishes) 
might not be feasible, because of a lack of expertise and 
frequent changes in taxonomy. In similar situations, a list of 
approved common names has been recommended in order 
to facilitate the regulation of the ornamental fish trade by 
government agencies (see Williams and Bunkley-Williams 
2003). However, using such lists is also likely to be compli-
cated by the selection for colour variation and the produc-
tion of hybrids by ornamental fish producers. 
Selective breeding for colour and fin shape is common 
in the aquarium fish trade and complicates identification 
by morphological means. Although DNA barcoding can 
accurately identify colour variants of the same species 
(Hajibabaei et al. 2006), the use of uniparental markers, 
such as mtDNA, can be misleading in the case of hybrids. 
Interspecific hybridisation is common in the ornamental fish 
trade. For example, in Symphysodon spp., many varieties 
have been interbred in order to produce new varieties, and 
therefore it is almost impossible to determine the lineage 
of origin for most discus varieties (Axelrod et al. 1991; 
Yamada and Mori 1991; Scamen 1994).
Another problem in the identification procedure is rapid 
evolution and speciation. Rapid evolution is a result 
of ancestral taxa rapidly diversifying into multiple taxa 
with different ecological adaptations (Joyce et al. 2011). 
Mitochondrial DNA is a misleading phylogenetic marker for 
taxa capable of hybridising, because its non-recombining 
nature means that transfer to other taxa can occur via 
asymmetric introgression and ‘allele surfing’. In addition, 
the COI gene does not evolve fast enough to distinguish 
between recently diverged taxa, such as the Malawi 
haplochromine cichlids (Joyce et al. 2011). A combina-
tion of rapidly evolving markers would be necessary for 
a reliable genetic identification of such taxa. However, 
although the BOLD database allows uploading of multiple 
marker sequences, the BOLD identification system used in 
the present study currently only uses COI for the genetic 
identification of animals, and there is even less database 
coverage for the alternative barcoding markers.
Fast and accurate identification of fishes in the pet 
trade is an urgent need, if biosecurity measures are to 
be improved. The present study has shown that available 
databases, such as BOLD and GenBank, in conjunc-
tion with DNA barcoding, can be useful tools for identi-
fying traded taxa, but that significant improvement of the 
database coverage is still required. However, additional 
tools are needed in identifying recently diverged species 
or interspecific hybrids. South Africa, and other regions 
vulnerable to invasions of aquarium fishes, can benefit 
from freely accessible databases, such as BOLD, as a step 
in identifying potentially invasive taxa being introduced to 
and traded in the country. Furthermore, additional benefits 
to existing conservation efforts are made possible through 
DNA barcoding, as this facilitates the documentation of the 
aquarium trade through stock management, traceability and 
effective regulation and enforcement.
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